1 the development and implementation of more sophisticated information systems are essential not only to enhance quality and efficiency of patient care but also to support clinical decision making. Clinical decision support becomes more and more a core function of health information systems to eliminate preventable medical errors, 2 and the investments in decision support technologies targeted at nursing practice have increased. 3 A computerized clinical decision support system (CDSS) refers to any electronic system designed to aid directly in clinical decision making. To generate patientspecific recommendations, CDSSs use the characteristics of individual patients; these recommendations are then presented to nurses for consideration. 4, 5 The knowledge base embedded in CDSSs contains the rules and logic statements that encapsulate knowledge required for clinical decisions so that it generates tailored recommendations for individual patients. 6 With this, CDSSs assist nurses in completing the knowledge base rule-driven decision making or standardized rule-driven decision making, 7 instead of using their own biases and intuition. [8] [9] [10] On the one hand, CDSSs applied to nursing care are an expansion of the CDSS prototype defined above. For example, CDSSs for nursing care provide prebuilt forms for data entry of patient assessment, care plans, or outcome evaluation on given nursing interventions. 8 Although it is not the case of recommendations automatically generated by the algorithm, the predesigned forms help decision making for nurses because these present the full scope of components that should be included for related nursing care activities. Thus, CDSSs for nursing care in this study include all the CDSS prototypes and the expanded versions. This study aimed to organize the system features of decision support technologies targeted at nursing practice into assessment, problem identification, care plans, implementation, and outcome evaluation. It also aimed to identify the range of the five stage-related sequential decision supports that computerized clinical decision support systems provided. MEDLINE, CINAHL, and EMBASE were searched. A total of 27 studies were reviewed. The system features collected represented the characteristics of each category from patient assessment to outcome evaluation. Several features were common across the reviewed systems. For the sequential decision support, all of the reviewed systems provided decision support in sequence for patient assessment and care plans. Fewer than half of the systems included problem identification. There were only three systems operating in an implementation stage and four systems in outcome evaluation. Consequently, the key steps for sequential decision support functions were initial patient assessment, problem identification, care plan, and outcome evaluation. Providing decision support in such a full scope will effectively help nurses' clinical decision making. By organizing the system features, a comprehensive picture of nursing practiceoriented computerized decision support systems was obtained; however, the development of a guideline for better systems should go beyond the scope of a literature review.
CIN:
Because using CDSSs to support nurses' decision making is widespread, it is worth capturing which features of CDSSs were empirically effective for optimum decision support for frontline nurses. Currently, there are studies on CDSSs used to improve the clinical practice of nurses; however, system features addressing particular nursing care activities have been dispersed in individual reports. Nursing does not have the well-organized knowledge base on the features of nursing practice-oriented CDSSs in real practice settings. The purpose of this study was to organize the features of CDSSs useful for nursing practice through a literature review, especially using the categories of assessment, problem identification (ie, diagnosis), care plans, implementation, and outcome evaluation. The current decision support technologies typically operate in these five stages. A certain CDSS helps decision making in a single stage, while other CDSSs help decision making in two or more stages. However, because of a lack of empirical investigations, it has not been clear whether a CDSS providing decision support in all the stages from assessment to outcome evaluation was more clinically useful than a CDSS operating, for example, in only a single stage of assessment. If there are evidential data to answer this question, the evidence should be included as an important feature for better decision support. As a preliminary to conducting an empirical study to address the question above, the first priority was in conducting a literature review to identify to the extent of sequential decision support provided by CDSSs in the stages from assessment to outcome evaluation. In this study, the sequential decision support, which is another important concept, is one of the CDSS features.
METHODS

Studies Eligible for Review
To obtain the most relevant studies, studies eligible for inclusion were primary studies on CDSSs used for nursing practice and designed to contain at least two aspects of assessment, problem identification, care plans, implementation, and outcome evaluation. Studies published in peerreviewed journals and in English were included. On the other hand, studies were excluded if they were studies on a nonelectronic decision support system such as a paperbased system, studies not providing a description on a CDSS, and studies providing only a technical description of a CDSS application (ie, testing algorithms of an application). Review studies on CDSSs were also excluded.
Data Sources
Databases of MEDLINE, CINAHL, and EMBASE were searched up to 2012 by using the search terms computerassisted decision support system, automated decision support, computerized evidence-based decision making, computerized evidence-based practice, and evidence, decision support system, having nursing in common. Conference proceedings and the reference lists of all included articles were reviewed to identify additional primary studies.
Study Selection
The author reviewed titles and abstracts of identified references and rated each article as ''potentially relevant'' or ''not relevant'' by using the inclusion and exclusion criteria. The author reviewed the full texts of potentially relevant primary studies and again rated each article as ''potentially relevant'' or ''not relevant'' using a screening checklist. Thus, the final selection of studies for review was made. A screening checklist was to check the presence or absence of and appropriateness of data that should be extracted from studies. Its content is identical to a data extraction form for double-checking (see ''Data Extraction'' section). Use of the checklist prevented important data from inadvertently being omitted. Before actual use of the checklist, the author piloted it on a sample of three articles to address the issues of arranging the checklist items in user-friendly sequence and completing the checklist.
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Data Extraction
The author extracted necessary information from each of the finally selected articles by using a data extraction form. The form was to record study purpose, study design, data collection methods, study settings and participants, nursing care areas addressed by the use of a CDSS, functions of a CDSS, study results, and features of a CDSS. The functions of a CDSS were categorized into assessment, problem identification, care plans, implementation, and outcome evaluation. A CDSS was considered having the functions of the stages from assessment to outcome evaluation: when a CDSS had preformulated forms for data entry that are embedding evidence to support clinical decision making relating from assessment to outcome evaluation, when the rule engine of a CDSS automatically generated recommendations or instructions for a next action based on data entered in a prior step, or when the sections from assessment to outcome evaluation were automatically linked to each other for a logical continuity of clinical decision making and then relevant data have to be entered in a prebuilt form or selected from a prebuilt list. For example, if an assessment entry form existed, the CDSS had the function for patient assessment. If care plans were automatically generated based on assessment data entered, the CDSS had the functions of assessment and care plans. When a set of care plans was linked to patient outcome evaluation and then an outcome measurement form should be filled out, the CDSS had the functions of care plans and outcome evaluation. Study results are any changes by the use of a CDSS. These would include improvement or nonimprovement in terms of, but not limited to, nurses' decision making, nurse performance, and patient outcomes.
As the features of CDSSs, components of CDSSs that improved nurses' decision making, nurse performance, or patient outcomes were extracted. If some components deteriorated them (eg, ''the need to devise care plans made nurses spend much time''), the author treated the logically opposite component as a potential improvement component (eg, ''removing the need to devise care plans made nurses save time''). 12, 13 In addition, if authors of studies mentioned important features of their CDSS, the features were also included here. The functions of CDSSs mentioned above were integrated as part of the features of CDSSs. The author recorded extracted information on the data extraction form and also double-checked extracted information with original articles for accuracy.
Data Analysis
The extracted data, including study purpose, design, data collection methods, settings and participants, nursing care areas addressed by the use of a CDSS, functions of a CDSS, and study results, were organized in tables. To synthesize CDSS features across the reviewed studies, the author carefully read and compared the features extracted from each study and divided them into meaning units. The meaning units were assessment, problem identification, care plans, implementation, and outcome evaluation. The author integrated or separately organized the features into key words and phrases capturing core content of each unit. The synthesized results were organized in a separate table.
RESULTS
Of 681 potentially relevant studies published from 1990 to 2012, 27 studies met the eligibility criteria and the items on the screening checklist. The study description in Table 1 combines study purpose, design, data collection methods, settings, and participants. Table 2 presents a summary of Table 1 , which includes study purpose, design, data collection methods, CDSS-applied nursing care areas, and sequential decision support functions of CDSSs. Of the 27 studies reviewed, 17 were system development, and eight of the 17 studies piloted their system immediately after system development ( Table 2 ). In the study purpose of Table 2 , others included two studies examining barriers to use of computerized advice 6, 26 and a study evaluating completeness of nursing documentation. 19 The designs of 20 studies that conducted system evaluation or pilot test, except for seven studies of system development only, varied (Table 2) . When considering the presence of a CDSS as the given intervention, 15 studies, which were mostly pilot tests, were posttest studies without a control group. Two pretest-posttest studies used different groups for comparison before and after system use. Four studies used a one-group pretest-posttest format. Also included were a quasi-experimental study with two nonrandomized control groups and a randomized controlled trial. Three studies used two different designs for their system evaluation or pilot test 7, 25, 34 ; thus, they were counted twice in the design. Data collection methods used in the 20 studies for system evaluation or pilot test were individual interviews, focus group interviews, observations, chart review, analysis of screen usage, questionnaires for nurses and other healthcare providers, and questionnaires for patients. Eight studies collected data by mixed methods; three studies, by quantitative methods; and nine studies, by qualitative methods.
Nursing care areas addressed by the use of a CDSS varied; however, fall, pressure ulcer, pain, blood glucose control, and patient referral overlapped, as shown in Tables 1 and 2 . Eighteen studies targeted a single area of nursing care, while nine studies covered multiple areas of nursing care. Two mobile-based decision support systems targeted multiple areas of nursing care ( Table 2) . Table 1 presents the functions of CDSSs that provided decision support in the stages available from assessment to outcome evaluation. The reviewed CDSSs showed the diverse ranges of sequential decision support functions. Sequential decision support for patient assessment and care plans existed in all of the reviewed CDSSs (Table 2) . With reference to the sequence, movement to a next stage such as from assessment to problem identification or to care plans occurred as a next screen automatically showed up or was clicked after completion of a prior stage; a nurse was forced to implement the movement. Two studies' assessment entry forms were to assess patients' responses to treatments (ie, patient outcomes), 34, 35 instead of initial assessment for patients (Table 1) . Most CDSSs started their function for patient assessment with a nurse's entry in an electronic assessment form (Table 2) . Five CDSSs started their function as they automatically retrieved necessary data from hospital databases or other connected information systems and a nurse inputs additional information. Three CDSSs were a real-time system for patient assessment, 23, 29, 37 and two of them were tele-advice systems. 29, 37 Two CDSSs automatically assessed patients without input of a nurse (Table 2) . 23, 29 For the details of CDSS functions from problem identification to outcome evaluation, see Table 1 . Table 1 presents the study results on patient outcomes, nurse performance, and nurses' decision making by the use of CDSSs. The CDSSs were of benefit to patients and nurses as they improved patient status in the 31 System development An automated nursing data system (stand-alone) A, P, C, and E: The system is a Web-based application used to create care plans using the standardized terminologies, NANDA, NOC, and NIC. These terminologies are linked to each other and sequentially embedded in the system.
A nurse selects appropriate things for care plans through sequential access to NANDA, NOC, and NIC. All the entries are stored and updated from admission to discharge. The system scores patient outcomes on both current and expected status.
Charting time on the system decreased.
Pilot study for feasibility by chart review, and dialogue, focus group, and observations of nurses before and after NOC use in an ambulatory and two home care units in Michigan.
The process of documenting and information accessible were useful in planning and evaluating care.
T a b l e The results indicated a need on the system redesign to adapt nurses' decisional workflow and increasing staff education. Pilot study for feasibility (1) using questionnaires, interviews, and observations for 30 nurses and seven other healthcare providers after system use and (2) by chart review for 38 patients before and after system use in two inpatient units at a large mental health facility in Canada A computerized care planning system for mental health disorders and substance addictions (stand-alone) A or E: Patient outcomes on treatments are assessed by the system with a nurse's input. Real-time feedback on the assessment is generated by the system.
Overall, users were satisfied with the system. C: Best practice guidelines in a drop-down box are triggered by the system. A nurse selects or customizes care plans from guidelines. The system provides a hyperlink to sources of the practice guidelines. There was a significant improvement in some patient outcomes, specifically, aggressive behavior, depression, withdrawal, and psychosis. System evaluation by semistructured interviews for eight tele-nurses after system use at three telephone call centers in Sweden A tele-decision support system for triage and advice A: A patient is assessed by the system with automated telephone conversation with a caller and additional input by a nurse asking relevant questions while hearing the conversation.
The system was both supporting and inhibiting for tele-nurses.
C: Either visit to a health center or self-care advice is generated by the system. Tele-nurses can override the system by entering a justification. The system simplifies nurse work, complemented nurse knowledge, and enhanced nurse credibility. However, there were disagreements between nurses and advice by the system. a A CDSS of each study. new guidelines. 18 Other problems were malfunctioning computer system issues, lack of administrative leadership, 18 and disagreement on system advice. 6, 13, 37 In the studies of system development, because it was common that an interdisciplinary team participated in their system development, it was not described as study subjects in Table 1 . As sources of knowledge embedded in decision support systems, all of the studies reviewed basically used scientific evidence such as nationally recognized clinical practice guidelines, randomized controlled trials, systematic review studies, literature review of other study designs, and topic-specific, valid assessment tools. The patterns and types of evidence used were similar among the studies.
The features of CDSSs across the studies are synthesized and organized in Table 3 . The system features collected T a b l e 3
Features of Computerized Decision Support Systems Used for Nursing Practice
Assessment (reference/s) Providing a prepackaged entry form for accurate and comprehensive patient assessment (all studies) Allowing selection of assessment data applicable to a patient from a prebuilt set (13, 32) Automatically assessing a patient after input of a nurse and/or automatic retrieval of necessary data from other electronic systems/records or databases (all studies, except 13, 24, 31, 36) Automatically transferring assessed data to the electronic medical record for an update (29) Not having an assessment form that is too long to fill it out or to update it (34) Generating some default values of assessment to eliminate the need of entry (17, 31) Problem identification/diagnosis (reference/s)
Automatically identifying and triggering a problem of a patient based on assessment data entered (7, 14, 15, 23, 26, 29, 30, 33) Providing NANDA nursing diagnoses translated for cultural differences (13) Care plans (reference/s) Providing evidence-based, standardized, and preprocessed recommendations/guidelines/protocols (all studies) Generating problem-specific care plans based on assessment data (all studies, except 13, 16, 24, 31, 34, 36) Allowing selection of tailored care plans from a drop-down box, a list or check boxes without the need to come up with them (13, 16, 24, 34, 36) Providing recommendations with simple text explanation of the logic, instead of providing only instructions (6, 24, 26) Providing entry space to customize care plans for a specific patient (13, 18, 24, 34, 37) Not providing care plans that are too wordy and have too much text (22) Allowing declination of suggested care plans by selecting reasons from a drop-down list or by typing free text answers (6, 7, 17, 23, 25, 26, 37 ) Providing hyperlinks to sources of evidence-based guidelines/recommendations (24, 30, 33, 34) Providing nursing activities under care plans (30, 32, 33) Implementation (reference/s) Automatically putting tasks not completed into a next shift (17) Showing completion of the planned referral for a patient (28) Removing a solved problem from a problem list (33) Outcome evaluation (reference/s) Providing a prebuilt form for outcome measurement on implemented care (17, 31, 33) Generating new care plans based on evaluation (17, 34, 35) Others (reference/s) Providing automatic links between CDSS functions (all studies) Using structured (prebuilt) and standardized electronic formats (all studies) Available at the point of care from any location (all studies) Being used in a clinical routine (all studies) Being integrated into nurses' workflow by allowing of access to CDSS functions at the point of care (all studies) Being integrated into the nursing charting system as the necessary part of documentation, such as generating automatic documentation on care plans, instead of the extra part (15, 17, 24, 26, 28, 33) Having simplicity of the entire routine to use CDSS, such as having fewer screens to access (7, 14, 28) Using standardized terminologies in the forms for sharing data and care continuity among departments (16, 24, 28, 31, 33, 36) Providing adequate user interfaces of the CDSS itself and between other systems and the CDSS to avoid medical errors and for easy use (25, 26, 36 ) Being easy to personalize templates without requiring specialized skills (19, 24) Limiting the number of reminders to avoid alert fatigue (17, 26) Providing a link to an interdisciplinary communication network such as care conferences and audits for care continuity across settings (15, 24, 34) represented the characteristics of each category of the five stages from patient assessment to outcome evaluation. However, there were differences in the numbers of the system features extracted for each category. The features separately grouped as ''others'' in Table 3 were associated with the five stages. Certain features, such as being available at the point of care and being used in a clinical routine, were common among all of the CDSSs reviewed. The first feature in the others of Table 3 , ''providing automatic links between CDSS functions,'' means the sequential decision support of CDSSs provided in the stages available from assessment to outcome evaluation.
DISCUSSION
This study aimed to organize the features of CDSSs useful for nursing practice into assessment, problem identification, care plans, implementation, and outcome evaluation. As a part of the CDSS features, the study identified the diverse ranges of sequential decision support of CDSSs that operated in the stages from assessment to outcome evaluation. The CDSS features related to patient assessment and care plans comparatively varied, whereas the features related to implementation and outcome evaluation did not (Table 3) . This indicates that a small number of related studies limited the number of features to be extracted. In fact, there were only three CDSSs providing decision support in an implementation stage and four CDSSs operating in an outcome evaluation stage ( Table 2) . Eleven of the reviewed CDSSs operated in the stage of problem identification and two features for it were identified. In a single area of nursing care addressed by CDSSs, the step of problem identification by CDSSs would be skipped because the CDSSs were developed and implemented to address the targeted nursing care area. For example, in the study by Gunningberg et al, 19 problem identification by a CDSS was not needed because the target area of nursing care was pressure ulcer and the CDSS was used to address the identified problem. However, CDSSs, which operated in multiple areas of nursing care, needed to have useful features for problem identification. In the study by Lee et al, 13 nurses had to select nursing diagnoses from a list from the North American Nursing Diagnosis Association (NANDA) that are consistent with patient assessment data. However, there was no consensus among nurses about the diagnoses selected by them. In the implementation step of care plans (Table 3) , the CDSSs provided three features about checking the completion of care activities. Unlike other categories with prebuilt formats embedding evidence from literature, decision support in the implementation step was grounded on the performance of nurses. The CDSSs in four studies provided decision support in an outcome evaluation stage (Table 2) . Outcome evaluation is a very important stage that should not be omitted for quality patient care. Outcome evaluation allows nurses to determine relationships between patients' outcome achievement and nursing interventions. After the effectiveness of care plans and intervention is evaluated, the results are fed back into nursing practice. 35 Outcome evaluation is an ongoing activity to conduct reassessment of patient status, reordering of priorities, new goal-setting, and revision of care plans. However, most CDSSs reviewed in the study, except the four studies, did not include the function of outcome evaluation on the given nursing care. In two studies, outcome evaluations were implemented outside their CDSS function. 13, 19 In the case that patient outcome evaluation is not a routine, nurses need to search for appropriate measurements or evidence for patient outcome evaluation; however, such a search may not be carried out for many reasons including a lack of time based on workload, difficulty accessing computers, and/or difficulty finding proper materials. A CDSS needs to provide a prepackaged measurement form or evidence-based recommendations for outcome evaluation. On the other hand, Table 3 shows the common features provided by all of the CDSSs reviewed. Through the organized system features, a comprehensive picture of nursing practice-oriented CDSSs that were attempted up to now was identified.
All of the CDSSs reviewed provided sequential decision support in at least two steps; nine CDSSs, in three stages; three CDSSs, in four stages; and a CDSS, in five steps ( Table 2 ). The important thing to which we have to pay attention is the decision support provided in the full scope from initial assessment to outcome evaluation. As grounded in this review, the key steps of a CDSS for sequential decision support were initial patient assessment, problem identification, care plan, and outcome evaluation. It is to provide decision support at the most effective level of nursing care. If such a CDSS is used in a clinical routine, it allows for safe and continuous decision support from the initial stage of patient assessment to the outcome evaluation. Such decision support must be an indispensable part of the CDSS features for quality patient care.
There were limitations, although various studies were included in this review to extract the features of CDSSs useful for nursing practice. As most of the studies reviewed were in the stage of system development immediately followed by pilot test or evaluation, one limitation would be that the CDSS features were extracted from such studies, instead of rigorous study designs such as randomized controlled trials. Regardless, the types of the reviewed studies became an advantage in discerning the features of each CDSS because they focused on CDSS functionality. Of the 27 studies reviewed, three studies developed a CDSS as a tool to implement evidence-based practice in nursing, as carefully reviewed and selected evidence was embedded in a CDSS. 16, 18, 36 One study developed a CDSS as a tool to increase the completeness and quality of nursing documentation. 19 Therefore, there was a limitation to extracting the features of CDSSs because these studies focused on compliance with evidence-based recommendations and nursing documentation. Lastly, as one study lacked information on system function 31 and one study lacked information on outcome evaluation, 32 there was difficulty describing the system functions from those studies.
For nursing practice and research, the development of a guideline toward an optimum CDSS that best supports nursing practice will have to go beyond the scope of system features identified from a literature review. The steps of sequential decision support by a CDSS were identified, and its importance was emphasized. On the other hand, for empirical support, there is the need to conduct a study to examine clinical effectiveness of CDSSs providing decision support in sequence from initial assessment to outcome feedback. Two suggestions for further research to mitigate the weakness of the reviewed studies are the following: that more nursing care areas become targets of CDSSs and that the effectiveness of CDSSs on decision support for nurses, nurse performance, and patient outcomes be evaluated by rigorous study designs, to have stronger nursing practice-oriented CDSSs.
CONCLUSION
This study organized the features of CDSSs useful for nursing practice into the categories of assessment, problem identification, care plans, implementation, and outcome evaluation, and identified the diverse ranges of the five category-related sequential decision supports that CDSSs provided. This review added the evidence-based knowledge regarding the features of nursing practice-oriented CDSSs. To design the optimum CDSS for nursing practice, a wider range of evidence-based knowledge is needed. Furthermore, providing continuous decision support from the initial stage of patient assessment to outcome evaluation cannot be overemphasized.
